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LevobupivacaineAbstract Introduction: Transversus abdominis plane (TAP) block is used as a part of multimodal
analgesia in decreasing pain of lower abdominal wall incision. Local anesthetic instillation of
wounds through subcutaneous or subfascial catheters is used to treat postoperative pain in different
types of surgery. The aim of this randomized controlled trial was to study the opioid-sparing effect
of these two techniques (if any) compared to placebo in women undergoing gynecologic procedures
through transverse lower abdominal incisions.
Methods: Seventy-eightASAI–IIIpatientsplannedtoundergogynecologicproceduresthroughatrans-
verselowerabdominalincisionwererandomlydividedintothreeequalgroups:Control(C)group(n= 26),
ContinuousWoundInfusion(CWI)group(n= 26),andcontinuoustransversusabdominisplaneblock
(TAP)group(n= 26).Afterstandardizedgeneralanestheticandbeforeextubation,thepatientsweregiven
the allocated treatment. A morphine patient-controlled analgesia (PCA) was started postoperatively
alongsidewiththelocalanesthetic(orplacebo)infusion.CumulativedoseofmorphinePCAintheﬁrstpost-
operative48 hwastheprimaryoutcome.Secondaryoutcomesincludedvisualanalogpainscore(VAS)at
restandonmovementandcomplicationsofmorphinePCA.
Results: ThecumulativedoseofmorphinePCAintheﬁrstpostoperative48 hwashigherincontrolgroup
thaningroupsCWIandTAP(P< 0.001).However,nosigniﬁcantdifferencewasfoundbetweengroups
CWIandTAP.NosigniﬁcantdifferenceswerefoundamongthethreegroupsregardingVASduringrest
384 A.M. OmarbutTAPgroupshowedlesspainscoresthangroupsCandCWIonmovement.Thethreegroupsweresimilar
regardingmorphinesideeffects.
Conclusion: ContinuousbilateralTAPblockandCWIcandecreasePCAmorphineconsumptioninthe
ﬁrst postoperative 48 hwhen compared to placebo inwomenundergoing gynecologic surgery through
transverselowerabdominalincision.ContinuousTABblockmightgivebetteranalgesiawithmovement
thanCWI.
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The risks of postoperative epidural analgesia in gynecologic
procedures done through lower abdominal transverse incision
may outweigh its beneﬁts [1]. Pain intensity in this type of inci-
sion is usually not as severe as in upper abdominal and tho-
racic incisions. Patient-controlled analgesia (PCA) is the
most common modality used for postoperative pain control
in women having gynecologic procedures [2].
Interest in transversus abdominis plane (TAP) block increased
in the last decade after introduction of ultrasound in anesthetic
practice. This block was used as a part of multimodal analgesia
in decreasing pain of lower abdominal wall incisions [3–6].
Local anesthetic instillation of wounds through subcutane-
ous or subfascial catheters was used to treat postoperative pain
in different types of surgery [7–9].
No study was found in the literature comparing the efﬁcacy
of continuous postoperative local anesthetic instillation in the
wound (CWI) with continuous TAP block. It was hypothe-
sized that both techniques could decrease the dose of morphine
used postoperatively. The aim of this investigation was to
study the opioid-sparing effect of these two techniques (if
any) compared to placebo in women undergoing gynecologic
procedures through transverse lower abdominal incisions.2. Methods
After Local Ethics Committee approval and informed written
consent were obtained, 78 ASA physical status I–III adult wo-
men scheduled for gynecologic procedures through a trans-
verse lower abdominal incision were enrolled. The
enrollment period lasted from November 2011 to September
2012 in King Fahd Military Hospital in Dhahran, KSA.
Exclusion criteria included known allergy to amide local anes-
thetics or morphine, body mass index >40 kg m2, and his-
tory of chronic use of opioids or other analgesics.
All patients were premedicated with oral lorazepam 1–2 mg
the night before surgery. Standard monitors were applied be-
fore starting general anesthesia, which included electrocardiog-
raphy, pulse oximerty, and noninvasive blood pressure.
General anesthesia was induced by IV sufentanil 0.2–
0.3 mcg kg1 and propofol 2–2.5 mg kg1, and rocuronium
0.6 mg kg1 to facilitate endotracheal intubation. Lungs were
ventilated with 40% oxygen in medical air to keep end-tidal
carbon dioxide concentration from 30 to 35 mmHg. Isoﬂurane
was titrated to keep bispectral index (BIS) within 40–60. Sufen-
tanil infusion (0.3–0.5 mcg kg1 h1) was commenced after
endotracheal intubation till starting closure of abdomen.
Patients were randomly assigned to three groups: continuous
wound inﬁltration (CWI) with 0.25% levobupivacaine, continu-ouswound inﬁltrationwithnormal saline (control group), or con-
tinuous bilateral transversus abdominis plane (TAP) block.
Randomization was done using computerized randomization
tables.
2.1. Continuous wound inﬁltration (Group CWI)
The surgeon inserted 2 multi-oriﬁce G-20 epidural catheters
superﬁcial to the abdominal fascia in each half of the trans-
verse wound. The two catheters were inserted transcutaneously
by an introducer needle 1 in. from the two lateral edges of the
wound. After closure of the skin, 10 ml of 0.25% levobupiva-
caine was injected in each catheter. The two catheters were
taped to the skin and connected via a Y-connector to a pre-
ﬁlled electronic pump delivering 0.25% levobupivacaine at a
rate of 4 ml hourly (2 ml per catheter) for 48 h (study period).
2.2. Control group (Group C)
The surgeon in this group inserted 2 multi-oriﬁce G-20 epidu-
ral catheters the same way as in group W. Instead of injecting
levobupivacaine, same volume of normal saline was injected
via the catheters after closing the wound. Again, normal saline
was used instead of levobupivacaine for postoperative infusion
in the same rate.
2.3. Transversus abdominis plane block group (Group TAP)
After skin closure, patients were kept anesthetized, and bilateral
ultrasound-guided transversus abdominis plane (US-guided
TAP) block were performed under complete aseptic conditions.
The block technique was similar to that described by Hebbard
and colleagues [10]. A linear (5–12 MHz) US probe (Philips
CX50, Bothell WA, USA) was positioned transversely in the
mid-axillary line midway between the lower costal margin and
iliac crest (Fig. 1). A 9-cm 18-G epidural needle was inserted
in-plane under real-time US visualization frommedial to lateral
to be positioned in the plane between internal oblique and trans-
versus abdominis muscles. One milliliter of normal saline was
used to conﬁrm the needle position, and then, 20 ml of 0.25%
levobupivacaine were injected through the needle on each side.
A multi-oriﬁce 20-G epidural catheter was threaded where 7–
8 cm of the catheter was left inside the TAP. The catheters were
taped to the skin the same way in group W. The bilateral cath-
eters were connected via Y-connector to a preﬁlled electronic
pump delivering 0.25% levobupivacaine at a rate of 10 ml
hourly (5 ml per catheter) for 48 h (study period).
All the study patients were given ondansetron 4 mg 30 min
before extubation as antiemetic prophylaxis. Rocuronium ef-
fect was antagonized by neostigmine 40 mcg kg1 and glyco-
Figure 1 Ultrasound picture of lateral abdominal wall before the
TAP block. Black arrow points to the plane of deposition of the
local anesthetic. EO: external oblique muscle, IO: internal oblique
muscle, TA: transversus abdominis muscle.
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while the patients awake.
Patients were transferred to the postanesthesia care unit
(PACU) with the electronic infusion pumps. The name and
the rate of the infusate were covered trying to make the patients
and assessors blinded to the technique used. A standard postop-
erative regimen was started in the PACU consisting of IV par-
acetamol 1 g given on arrival to PACU and patient-controlled
IV morphine (PCA) (bolus dose 1 mg, lockout interval 6 min,
4-h maximum dose 40 mg, with no background infusion).
The nurses of the PACU and ward who were assessing the
severity of pain using a visual analog score (VAS) were blinded
to group allocation. Pain severity was measured using VAS
(10 cm marked line in which 0 cm referred to no pain and
10 cm to the worst pain imaginable). The time points of pain
assessment were performed at 2, 4, 6, 12, 24, 36, and 48 post-
operatively. Pain scores were measured at rest and on move-
ment (patients asked to ﬂex their knees). Ondansetron 4 mg
was given as a rescue antiemetic 8-hourly.
The primary outcome of this study was PCA morphine con-
sumption in the ﬁrst postoperative 48 h (study period). Based
on old hospital documents over the past 2 yr, women undergo-
ing these types of surgery use PCA morphine on the average of
65 mg over the ﬁrst 48 postoperative hours (with ±SD of
15 mg). It was assumed that 25% difference in morphine con-
sumption among the groups would be clinically signiﬁcant. A
sample size was calculated to be 24 at an alpha error of 0.05
and a beta error of 0.1. Twenty-six patients were enrolled
per group to accommodate for dropouts.
Secondary outcomes included time to ﬁrst dose of mor-
phine PCA, VAS scores, and the side effects of morphine use
(nausea or vomiting, drowsiness, respiratory rate less than
eight and pruritis).
Statistical analyses were performed using the SPSS for Win-
dows, version 15 (SPSS Inc., Chicago, IL). Data were ﬁrst tested
for normality by Klomogorov–Smirnov test. Normally distrib-
uted continuous data were analyzed by using one-way analysisof variance (ANOVA). Pair-wise comparison of morphine con-
sumption between every two groups was done using Student’s t-
test after Bonferroni adjustment. Non-normally distributed
continuous and ordinal data were analyzed using Kruskall–
Wallis test. Categorical data were analyzed by chi square or
Fisher’s exact test as appropriate. The results are presented as
mean ± SD,median (range), or number of patients as appropri-
ate. A P value <0.05 was considered statistically signiﬁcant.
3. Results
One hundred seven patients were found eligible for the study.
Ten patients refused participation and 19 patients met exclu-
sion criteria. Seventy-eight patients were randomized into
three groups: Control (C) group (n= 26), continuous wound
inﬁltration (CWI) group (n= 26), and transversus abdominis
plane block (TAP) group (n= 26). No patient was excluded
from the study.
The three study groups were found to be similar regarding
age, body mass index, ASA classiﬁcation, and duration of sur-
gery and anesthesia (Table 1).
Table 2 shows that patients in control group asked for mor-
phine earlier than patients in groups CWI and TAP. Moreover,
patients in group CWI asked for morphine earlier than patients
in groupTAP.The cumulative dose ofmorphine PCA in the ﬁrst
postoperative 48 hwas signiﬁcantly higher in control group than
in groupsCWI andTAP.However, no signiﬁcant difference was
found between groups CWI and TAP.
No signiﬁcant differences were found among the three
groups regarding visual analog pain scores during rest at any
measured time point (Table 3). However, the results regarding
visual analog pain scores on movement were variable. Overall,
group TAP showed less pain scores than groups C and CWI
(details in Table 4).
No signiﬁcant differences were found among the three
study groups regarding incidence of postoperative side effects
of morphine PCA (Table 5). Despite the higher incidence of
postoperative nausea and vomiting in group C than in groups
CWI and TAP, it did not reach a statistical signiﬁcance.4. Discussion
The main ﬁnding of this study is that postoperative continuous
wound inﬁltration (CWI) and continuous TAP block with lev-
obupivacaine 0.25% decrease the cumulative PCA morphine
dose by more than 50% compared to placebo in women under-
going gynecologic procedures through transverse lower
abdominal incision. Both treatment techniques were compara-
ble in this opioid-sparing effect. In spite of achieving same
VAS scores at rest, the TAP block has superior analgesic effect
over CWI and placebo during movement.
Inﬁltration of the subcutaneous or subfascial planes of the
wound by local anesthetics results in analgesia through differ-
ent mechanisms. Simple local anesthesia is the main mecha-
nism. Systemic absorption of the local anesthetic from the
site of inﬁltration may have a role in analgesia [11]. Anti-
inﬂammatory properties of local anesthetics may participate
in analgesic effects especially after tissue injury [12].
Results of investigations studying CWI in postoperative
analgesia are not uniform. Some studies showed favorable re-
Table 1 Patients and surgical characteristics. Data are mean (SD) or number. C: Control group, CWI: continuous wound inﬁltration
group, TAP: transversus abdominis plane block group, NS: nonsigniﬁcant.
Group C (n= 26) Group CWI (n= 26) Group TAP (n= 26) P value
Age (yr) 41 (8) 43 (10) 39 (12) NS
Body mass index (kg m2) 27 (2.9) 29.2 (3.1) 27.8 (2.6) NS
ASA (I/II/III) 5/14/7 6/15/5 7/13/6 NS
Type of surgery
Total abdominal hysterectomy 18 15 16 NS
Ovarian cystectomy 8 11 10
Duration of surgery (min) 111 (28) 114 (24) 115 (19) NS
Duration of anesthesia (min) 128 (27) 131 (30) 142 (28) NS
Table 2 Patient-controlled analgesia morphine use. Data are mean (SD) or median (range).
Group C (n= 26) Group CWI (n= 26) Group TAP (n= 26) P value
First morphine dose (h) 1 (1–3) 7 (1–8) 9 (1–12) <0.001
48 h PCA morphine (mg) 59 (15) 21 (10) 16 (9) <0.001*
C: Control group, CWI: continuous wound inﬁltration group, TAP: transversus abdominis plane block group.
 P: group C vs group CWI < 0.001, group C vs group TAP< 0.001, and group CWI vs group TAP= 0.001.
* P: group C vs group CWI < 0.001, group C vs group TAP< 0.001, and group CWI vs group TAP= 0.3.
Table 3 Visual analog score at rest. Data are median (range). C: Control group, CWI: continuous wound inﬁltration group, TAP:
transversus abdominis plane block group, NS: nonsigniﬁcant.
Group C (n= 26) Group CWI (n= 26) Group TAP (n= 26) P value
2 h 2(1–5) 1(1–4) 1(1–4) NS
4 h 2(1–6) 1(1–5) 1(1–5) NS
6 h 1(1–5) 1.5(1–4) 1(1–4) NS
12 h 2(1–5) 2(1–4) 1.5(1–5) NS
24 h 2(1–5) 1(1–5) 2(1–4) NS
36 h 1.5(1–4) 2(1–5) 1(1–4) NS
48 h 1(1–4) 1.5(1–4) 1(1–3) NS
Table 4 Visual analog score on movement. Data are median (range).
Group C (n= 26) Group CWI (n= 26) Group TAP (n= 26) P value
2 h 4 (1–6) 3(0–5) 2(0–5) <0.001
4 h 4(1–6) 4(1–5) 2(0–5) <0.001*
6 h 3(1–7) 4(1–5) 3(1–5) <0.001+
12 h 4(1–6) 3 (1–6) 3(1–5) 0.025§
24 h 4(1–6) 3(1–5) 3(1–5) 0.41±
36 h 3.5(1–5) 3(1–5) 3(1–5) 0.48
48 h 3(1–4) 3(1–3) 2(1–3) NS
C: Control group, CWI: continuous wound inﬁltration group, TAP: transversus abdominis plane block group, NS: nonsigniﬁcant.
 P: group C vs group CWI < 0.001, group C vs group TAP< 0.001, and group CWI vs group TAP= 0.001.* P: group C vs group
CWI = 0.16, group C vs group TAP< 0.001, and group CWI vs group TAP< 0.001.
+ P: group C vs group CWI = 0.45, group C vs group TAP< 0.001, and group CWI vs group TAP= 0.36.
§ P: group C vs group CWI = 0.26, group C vs group TAP= 0.008, and group CWI vs group TAP= 0.09.
± P: group C vs group CWI = 0.27, group C vs group TAP = 0.008, and group CWI vs group TAP= 0.1.
 P: group C vs group CWI = 0.27, group C vs group TAP= 0.008, and group CWI vs group TAP= 0.1.
386 A.M. Omarsults [7–9], while others did not show any beneﬁt [13,14]. These
paradoxical results can be explained by the different types of
surgery, different types of catheter and local anesthetic, theplane of catheter residence, and even the types of pump. Most
of favorable results were associated with cesarean deliveries
Table 5 Incidence of postoperative side effects of morphine patient-controlled analgesia. Data are number (percentage). C: Control
group, CWI: continuous wound inﬁltration group, TAP: transversus abdominis plane block group.
Group C (n= 26) Group CWI (n= 26) Group TAP (n= 26) P value
PONV 19(73) 12(46) 13(50) 0.1
Drowsiness 2(7) 0(0) 0(0) 0.5
Respiratory depression (rate < 8/min) 1(3) 0(0) 0(0) 0.4
Pruritis 5(19) 2(7) 1(3) 0.1
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sion is similar to that used in the current study.
A 20-G multi-oriﬁce epidural catheter was used in the cur-
rent study. This relatively large bore was selected to avoid
occlusion that may occur in smaller catheters. Andersen et
al. did not ﬁnd difference of spread of local anesthetic between
the commercial multi-oriﬁce catheter and triple-oriﬁce epidural
catheter after total hip replacement [16].
Insertion of the CWI above the abdominal fascia might
have helped in increasing its efﬁcacy. Haﬁzoglu et al. found
that postoperative analgesia in women undergoing hysterec-
tomy was better with CWI catheters left above the abdominal
fascia than with catheters left deep to the fascia [15]. The type
of pump used may play a role in the success rate of the CWI
technique [17]. Elastomeric pumps are liable to failure and
the infusion rate may decrease by time. The electronic pump
used in the current study is much more accurate.
All the above mentioned factors played a role in the favor-
able results of the CWI group over the control group.
The TAP block is used to anesthetize the abdominal wall
nerves that supply the skin, muscles, and parietal peritoneum
through the anterior rami of the lower six thoracic nerves
and the ﬁrst lumbar nerve [18].
In spite of being a relatively new technique, many investiga-
tions have been done about TAP block [3–5]. Introduction of
ultrasound in anesthetic ﬁeld added in increased accuracy of
instillation of the local anesthetic in the correct plane between
the internal oblique and transversus abdominis oblique mus-
cles where the intercostal nerves run to supply the abdominal
wall. The site of local anesthetic injection used in this study
(between the lower costal margin and iliac crest at the anterior
axillary line) usually results in involvement of four nerves
(T10–L1) which is enough to cover the transverse lower
abdominal incision [6]. Higher levels (T6–T9) need a modiﬁed
higher subcostal approach [19]. However, higher blocks may
occur with continuous TAP blocks as described in a case re-
port by Forero et al. [20]. They used continuous bilateral
TAP block for postoperative analgesia in a patient with severe
cardiopulmonary disability having total abdominal hysterec-
tomy. The investigators reported extension of the block higher
to T6. The mechanism of this high level is not fully under-
stood. The authors rendered this effect to possible extension
of the large-volume local anesthetic infusate to higher levels.
The sensory level block was not assessed in TAP block group
to avoid unblinding. Spread to the paravertebral area is a the-
oretical possibility and this may result in visceral block which
is not provided by the usual single-shot TAP block that causes
only somatic block. This theory may explain the superior anal-
gesia produced in TAP group over CWI group during move-
ment. Future studies are needed to assess the exact sensory
level block attained by bilateral lumbar TAP block cathetersto aid explaining the different patterns of spread as all dye
studies were done on single-shot technique [21–23].
The efﬁcacy of TAP block in decreasing postoperative mor-
phine consumption in the current study is agreeing with previ-
ous studies [5,24]. In the study performed by Carney et al. [24],
TAP block could decrease postoperative PCA morphine dose
in the ﬁrst 48 h by 50%. In spite of using single-shot block
in their study, the opioid-sparing effect was comparable to
the current study (70% decrease). This may be due to the high-
er dose and concentration of ropivacaine they used (1.5 mg kg
1 of 0.75% solution) and the higher age group in their study
(54 ± 11 yr) which might have made the patient more sensitive
to the local anesthetic. The investigators used more lateral ana-
tomic landmarks of Petit triangle not the ultrasound-guided
block. This lateral approach could have resulted in paraverte-
bral spread of the local anesthetic and augmentation of the
block.
Shin et al. [25] did not ﬁnd a difference in morphine con-
sumption between patients receiving single-shot TAP block
and control patients undergoing abdominal hysterectomy.
They used only 20 ml of ropivacaine 0.375% as a single shot.
This dose might have been insufﬁcient to produce long-lasting
analgesia which was produced in the current study by the con-
tinuous infusion of levobupivacaine.
The dose and volume of local anesthetic infusion needed to
produce efﬁcient analgesia in TAP block is not yet agreed.
Being not highly vascular, the volume of local anesthetic used
in this study was probably safe to infuse in the transversus
abdominis plane. Putting in mind the possibility of paraverte-
bral spread, doses used in this study were safely described in
continuous paravertebral block [26,27].
The decreased opioid use in the treatment groups probably
resulted in decreased incidence of PONV. However, it did not
reach a statistical signiﬁcance. This may be explained by three
reasons. Firstly, the study was not powered enough to detect a
statistical difference. Secondly, these types of surgery are asso-
ciated with high incidence of PONV, especially with the rela-
tively low mean age of patients [28]. Lastly, because no score
for PONV was used, any episode of PONV was recorded as
nausea/vomiting. The patients in the treatment groups might
have lower intensity of PONV than control group, but all
the complaints were recorded as having the complication.
One shortcoming of the study regarding its blindness
should be raised. Despite the efforts taken to make the patients
and assessors blind to the study, they were probably not so.
The numbness of abdominal wall in TAP group might have
made those patients aware of their group allocation. This
probable patient’s awareness might not greatly affect the
PCA morphine use because the doses were similar in TAP
and CWI groups. The different rates of postoperative levobup-
ivacaine (or saline) infusion among the groups might have
388 A.M. Omarbeen observed by the ward nurses. Covering the rate panel of
the infusion pump was probably not enough to make them
completely blind to group allocation. Observation of the
remaining ﬂuid volume in the infusion pump after a ﬁxed time
interval could enable them to differentiate between the groups.
However, setting the PCA morphine dose (not the VAS scores)
as the primary outcome of the study may ‘‘partially’’ compen-
sate for the inappropriate blinding of the study.
Another shortcoming of the study is the different levobup-
ivacaine rates of infusion and consequently its doses. This dis-
crepancy could have caused the ‘‘subtle’’ better analgesia
observed during movement in TAP group. As stated before,
part of the analgesic effects of local anesthetics might be re-
lated to its systemic anti-inﬂammatory action [11,12]. If this
is true in the current study, the anti-inﬂammatory action might
not be ﬁxed and could have contributed to the observed better
analgesia in TAP group.
In conclusion, continuous bilateral TAP block and CWI
can decrease PCA morphine consumption in the ﬁrst postoper-
ative 48 h when compared to placebo in women undergoing
gynecologic surgery through lower transverse abdominal inci-
sion. Continuous TAB block might give better analgesia with
movement than CWI.
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